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Human glomerular structure under normal conditions and in
isolated glomerular disease. Investigation of the human glomer-
ulus in health and disease shows that the human glomerulus
comprises seven lobule-like structures with numerous anastomo-
ses. The total length of the capillaries in a single glomerulus is 0.95
cm, making a total of 19 km for all 2-million glomeruli. The total
surface area of all glomerular capillaries is 6,000 cm2. The total
filtration surface area is 516.1 cm2. Severe isolated disease of the
glomerulus, as seen in acute endocapillary glomerulonephritis,
membranoproliferative glomerulonephritis types I and II, mem-
branoproliferative glomerulonephritis plus chronic membranous
glomerulonephritis, diabetic glomerulosclerosis, and glomerular
amyloidosis, does not lead to elevation of serum creatinine
concentration, even if the filtration area is reduced to about 20%
(as in diabetes) of the normal value. It is concluded that isolated
glomerular disease does not lead to elevation of the serum
creatinine concentration. Glomerulopathies in which there is
acute or chronic elevation of the serum creatinine concentration
are accompanied by acute renal failure or involvement of the
renal cortical interstitium, respectively.
Some researchers have attempted to establish the de-
tailed structure of the human glomerulus without, as yet,
being able to provide a definitive answer to the length and
surface area of the glomerular capillaries and the effective
filtration surface area. To investigate this problem, we
attempted to reconstruct a glomerulus from a healthy
kidney. This kidney, which had originally been intended for
transplantation, was first perfusion fixed at a pressure of
140 mm Hg and was then embedded in epoxy resin.
Investigations were made on photographs at a magnifica-
tion of 1,650 on the complete series of 0.5-mm serial
sections. A model of the capillaries in each photograph was
prepared from a wax sheet. The wax sheets were then
stacked on top of each other in 16 sets of 25 consecutive
models. The paths of the individual capillaries were exam-
ined on a viewing box, and their centers were delineated
with wire [1].
RESULTS AND DISUSSION
The glomerulus comprises seven lobule-like structures in
which there are numerous anastomoses. Some anastomoses
were also found at the base between these lobule-like
structures, but there are no direct anastomoses between the
afferent and efferent arterioles.
The total length of the capillaries of a single glomerulus
is 9.5 mm, giving an overall length of 19 km for all the
glomerular capillaries in the 2-million glomeruli of the two
kidneys. The total surface area of the capillaries of all the
glomeruli is 6,000 cm2. Electron microscopic investigation
of the filtration slits showed that the filtration surface area
is 516.1 cm2, assuming that the filtration slits occupy 9.6%
of the surface area of the glomerular capillaries and that
filtration does not occur across the mesangium. We assume
[2, 3], opposite to Mauer et al [4], that only a fraction of the
filtration surface area is required for filtration.
To determine whether, and if so to what extent, the
glomeruli possess a reserve filtration capacity, we investi-
gated the total filtration surface area in severe isolated
glomerulopathies (endocapillary glomerulonephritis with
mild polyuric acute renal failure, membranoproliferative
glomerulonephritis types I and II, membranoproliferative
glomerulonephritis plus chronic membranous glomerulo-
nephritis, diabetic glomerulosclerosis, renal glomerular
amyloidosis, and minimal changes disease; Fig. 1) with
normal serum creatinine concentrations (#1.3 mg%) and
normal postglomerular capillaries. These investigations
showed that even a substantial reduction of the total
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filtration surface area, such as 80% in diabetic glomerulo-
sclerosis, does not lead to an elevation of the serum
creatinine concentration.
We conclude that renal insufficiency in different types of
glomerulopathies is not caused by the glomerular lesions.
The elevation of the serum creatinine concentration may be
the result of acute renal failure in cases with acute increase
or decrease of serum creatinine concentration or the
consequence of interstitial fibrosis with atrophy and oblit-
eration of the postglomerular capillaries, leading to a
reduction of the glomerular filtration rate. Even in the
cases of extracapillary glomerulonephritis, with an almost
malignant clinical course, the characteristic crescents do
not stop the urinary outflow. The cellular elements of the
crescents, which in our opinion are pluripotent blood cells,
pass through the necrotic glomerular capillaries into Bow-
man’s space and remain there as long as the accompanying
acute renal failure persists. Extracapillary glomerulone-
phritis is always complicated by acute renal failure, which
leads to cessation of glomerular filtration. When the acute
renal failure declines, the cellular elements of the crescents
may be washed out if they have not been transformed into
extracellular matrix-producing fibroblasts.
Isolated glomerular disease therefore does not lead to
chronic renal failure. The Achilles’ heel of the kidney in
acute and chronic renal failure is not the glomerulus
capillary, but rather the postglomerular capillary.
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Fig. 1. (A) Normal kidney. Serum creatinine
concentration is 1.2 mg%. (B) Poststreptococcal
endocapillary glomerulonephritis with mild
polyuric acute renal failure. Serum creatinine
concentration is 1.29 mg%. (C)
Membranoproliferative glomerulonephritis type
I. Serum creatinine concentration is 0.8 mg%.
(D) Membranoproliferative glomerulonephritis
type I with chronic membranous
glomerulonephritis. Serum creatinine
concentration is 1.06 mg%. (E) Diabetic
glomerulosclerosis. Serum creatinine
concentration is 1.2 mg%. (F) Glomerular
amyloidosis. Serum creatinine concentration is
1.0 mg%.
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